Introduction
Osteoarthritis (OA) is the most common and most enduring physical impairment of patients in the Western world; age is known to be one of the most important risk factors for this disease. It affects approximately 10% of all people over 60, with estimated socioeconomic consequential costs of about 60 million dollars per year in the US alone [1] . As well as considering OA to be a result of mechanical irritation, attrition and erosion of the cartilage matrix, another scientific hypothesis postulates a loss of vital cartilage cells and cartilage matrix degeneration [2] . A predictor for OA of knee and hip joints
Journal of Integrative Medicine is obesity with a body mass index (BMI) > 26 [3] . The clinical presentation of OA is characterised mainly by joint pain, crepitus, and joint stiffness after rest, hyperthermia, and progressively restricted mobility. Along with being overweight, avoidable or at least modifiable risk factors are physical activity, nutrition, and hormonal influences [4] . Pharmacological and non-pharmacological approaches according to current American and European guidelines aim to control pain and reduce functional restriction. Non-pharmacological therapy comprises a multidisciplinary approach consisting of, for example, instructions for weight loss and exercise therapy; pharmacotherapy comprises non-opioid analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs) including COX-2 inhibitors, topical analgesics (e.g., capsaicin cream) and opioid analgesics as well as intra-articular steroid and hyaluronic acid injections [5, 6] . As NSAIDs often have gastrointestinal side effects, complementary and alternative medicine (CAM) is increasingly offering concomitant therapeutic options. The prevalence of the use of CAM for OA is estimated to be 40%. Vitamin supplements, celery extract, fish oil, and garlic extract are often part of patient self-medication [7] [8] [9] . CAM further offers evaluated therapeutic procedures including acupuncture and uses various herbal agents such as stinging nettle, boswellic acid, devil's claw extract and proteins such as glucosamines [10, 11] . Besides acupuncture and glucosamine, systematic reviews have also evaluated pool therapy, balneotherapy, thermotherapy and exercise therapy and found beneficial outcomes for pain and mobility restriction in cases of OA of the hip or knee [12] [13] [14] [15] [16] . As a concomitant therapeutic option for different diseases, hydrotherapy has undergone scientific research in the past decade. Positive treatment successes were found for hydrotherapy as an add-on therapy for example in the concomitant treatment of dementia [17] or chronic obstructive pulmonary disease [18] . Several basic articles describe Kneipp hydrotherapy (e.g., in the form of alternate cold and warm thigh affusions) as having an active effect on the vessels by causing initial local vasoconstriction followed by reflexive vasodilatation, which activates the cutaneous circulation. Furthermore, modulation of hormone production was scientifically demonstrated for cortisol and adrenaline [19] [20] [21] . Immunologically, hydrotherapy increases serum concentrations of α2 macroglobulin, immunoglobulin M-antibodies and complement factor C3 [22] . In addition, using alternate cold and warm back affusions, positive effects were found on immunoregulation, in the sense of an increase in resistance and facilitated activation of cell-mediated (Th1) immune reactions, as measured by the mediating cytokines interferon γ and interleukin-2 [23] . Hydrotherapy according to Kneipp in the medical management of OA (hip or knee joint) showed improvement of restricted joint mobility along with significant pain reduction and an increase of quality of life over a period of up to three months. The thigh affusion is poured starting from the back of the foot up the outer aspect of the back of the leg, slowly over the buttocks ("starting away from the heart going towards the heart"), from there moving to the front aspect of the leg, lingering in the groin and finally pouring the water over the inner aspect of the leg downwards beginning with a warm water stimulus (38 ℃ ) over 2-3 min, followed by a cold water affusion (12-14 ℃ ) over 2-3 min, which will be repeated afterwards. See Figure 1 [24]
. Figure 1 Alternate thigh affusions according to Kneipp -flow direction (repeated cold/warm water stimulation)
The thigh affusion is poured starting from the back of the foot up the outer aspect of the back of the leg, slowly over the buttocks ("starting away from the heart going towards the heart"), from there moving to the front aspect of the leg, lingering in the groin, and finally pouring the water over the inner aspect of the leg downwards.
Conventional physiotherapies, especially resistance training exercises and mobility therapy have both been shown, at a high level of evidence, to be cost-effective and have long-term benefits regarding pain, mobility of the affected joints and patient's quality of life [25] [26] [27] .
Methods

Research aims
As no published study for this disease with this design currently exists, the main object of research of this pilot study was a feasibility analysis for this specific study design and the study procedures in a clinical setting. Furthermore, the hydrotherapeutic treatment according to Kneipp for OA of hip or knee Journal of Integrative Medicine www.jcimjournal.com/jim in the form of alternate thigh affusions was evaluated. The working hypothesis was that hydrotherapeutic treatment (alternate thigh affusions) according to Kneipp reduces pain, increases quality of life and improves the mobility of affected joints in comparison to conventional physiotherapy.
Design
The detailed study protocol was published in 2009 [28] . Therefore the outcome measurement was described only in short version. This study was designed as an explorative, prospective randomised controlled clinical trial with three arms, to be carried out at the Kneipp Klinik Sebastianeum (KKS), a German clinic specialised in integrative medicine in Bad Wrishofen, from June 2008 to January 2009. The design and concept of this study as well as its ethical validity were reviewed and approved by the Ethics Committee of the Bavarian State Chamber of Physicians (Ethikkommission der Bayerischen Landesärztekammer, Study Number 08032, dated 04.05.2008). The study design is based on the CONSORT Statement for randomised, controlled trials [29] .
Patients and eligibility
All volunteers (30 inpatients) of the KKS having symptomatic OA of the hip or knee joint, meeting the revised criteria of the American College of Rheumatology with radiological findings, having agreed to participate in the study, given their informed consent and signed a data privacy policy statement, were included in the study. Inclusion criteria: age > 18 years; symptomatic OA of hip or knee (following the revised criteria of the American College of Rheumatology) and radiologic findings; willingness to comply with follow-up assessments and treatment; ability to understand, read and speak German. Exclusion criteria: endoprothetic replacement of hip or knee joint; inflammatory arthropathy of the hip or the knee; acute, hot, red and swollen knee or hip joint (unknown focus); inflammatory system diseases which could interfere with the evaluation of the therapy procedure; central nervous system diseases, especially epilepsy; anamnesis of deep vein thrombosis in the past 12 months; severe lung disease such as chronic obstructive lung disease stages Global Initiative for Chronic Obstructive Lung Disease (GOLD) Ⅲ or GOLD Ⅳ ; heart failure New York Heart Association (NYHA) Ⅲ or NYHA Ⅳ ; myocardial ischemia with or without intervention within the last three months before inpatient admission; cancer in advanced stage; large skin wounds or inflammatory and ulcerated dermatitis of the legs; severe febrile infectious diseases; non-treated hypertension; participation in another clinical study within the past four weeks; pregnancy. Patients were given an information sheet, telling them that they will be randomly assigned to one of the three treatment groups.
Randomization and treatment allocation
A randomization number list and treatment group assignment have been computer-generated before the beginning of this pilot study. When the envelope was opened, the investigator and patient discovered the treatment group assignment (groups 1, 2, or 3) with a corresponding treatment plan in line with the study protocol, the patient diary for the inpatient treatment phase, and all the necessary assessment forms for both doctors and patients.
Prior to the study, all medical specialists in the clinic and attending therapists had been given a briefing on the study protocol, the blinding procedures, the ethical basis of this clinical study, the randomisation procedure, and the specific therapy for each treatment group, in line with the study protocol.
Interventions
The study was divided into an intervention phase (two weeks of inpatient care) and a follow-up phase (further ten weeks), ending with a telephone interview to be carried out by the external evaluation centre. During the clinical phase the following interventions were applied:
In the intervention group 1, the patient received hydrotherapy appropriate for OA of the hip or knee in the form of daily alternate thigh affusions according to Kneipp once per day. In this group, physiotherapy (i.e., soft massage techniques for the lumbar and thoracolumbar spine; three times per week) may also be given but not specifically for the affected hip or knee joint.
In the intervention group 2, patients with OA of the hip or knee received joint-specific physiotherapy (30 min, components were joint-related stretching elements, muscle strengthening of weak muscles and resistance exercises) of the affected hip or knee joint three times a week without any disease-specific hydrotherapy.
In the control group, patients with OA of the hip or knee received joint-related alternate thigh affusions (daily) and joint-specific physiotherapy (three times a week). See Figure 2 for flowchart of the recruitment process.
Diagnostic and biometric evaluation procedure
Each patient underwent a medical examination at the time of admission and a final examination after two weeks of inpatient care documenting the general physical state, disease-specific previous medication and therapy. At both medical examinations, the pain intensity was measured by the patient in his diary on a ten-point Visual Analogue Scale (VAS) which was transferred into the physician's questionnaire, and diagnostic assessment of the affected joint according to the neutral-zero method (hip joint: flexion; knee joint: flexion), the "timed up and go" (TUG) test as an indirect assessment criterion of flexion and extension of the affected hip or knee joint, and the BMI were recorded in the case report form or physician's questionnaire.
Outcome measures 2.7.1 Primary outcome measure
The primary outcome measure was the pain intensity of the affected joint during inpatient care as assessed by the patient. The patient rated his or her subjective pain intensity in the patient diary on a ten-point VAS as the average over the day. Use, practicality and validity of VAS have been sufficiently evaluated and are scientifically accepted [30, 31] .
Secondary outcome measures 2.7.2.1 Joint-specific mobility of the affected joint
The mobility of the affected hip or knee joint was measured by the investigator at the time of admission and at the time of discharge from the clinic using the neutral-zero method. The joint flexion (hip and knee) as the relevant parameters of joint play also were recorded. In case of both sides of extremities, affected by OA, the worst one was chosen by the investigator.
Joint-specific pain and function rating on the basis of the Lequesne index
The Lequesne index is a patient-centred assessment (self-rating procedure) in the form of a questionnaire and is a suitable assessment tool of quality assurance [32, 33] . The patient documented this index for the affected joint at the beginning and the end of the inpatient care period and the same index again was recorded by the external evaluation centre on the basis of the telephone interview at the end of the ten-week follow-up.
Rating the general health-related quality of life on the basis of the Short-form 36 Qustionnaire
The Short-form 36 Qustionnaire (SF-36) is an internationally recognised tool for ascertaining patients' health-related quality of life for a wide range of diseases. The inherent consistency (Cronbach's alpha) for "physical function" lies between 0.77 and 0.93, between 0.73 and 0.85 for "pain", and between 0.57 and 0.75 for "general health perception". Its validity and reliability have likewise been evaluated scientifically [34, 35] . The SF-36 was recorded by the patient at the beginning and at the end of the inpatient care period. Furthermore this assessment again was recorded throughout the external evaluation centre at the end of the ten-week follow-up.
Rating the indirect flexion and extension ability of the hip or knee joint and general patient mobility through the TUG test
In its original form, the TUG is an internationally recognised procedure for rating body balance and the danger of falling during an everyday task involving movement. The TUG's validity, inherent consistency and reliability are scientifically proved [36, 37] . The TUG test was administered by the physician at the beginning of the study and again at the end of the intervention phase. See Table 1 explaining the data acquisition schedule.
Statistical analysis
The data were analysed using SPSS 15.0 (SPSS Inc., 2006) software. For this explorative pilot study the nominal variables sex and affected joint (left, right, both sides) were analysed. Both the primary outcome (VAS) and secondary outcome criteria (SF-36 sum scales, Lequesne index, time required in the TUG test and the flexion of the affected joint, measured by the neutral-zero testing) were performed with descriptive analysis.
Results
Baseline characteristics
Concerning the outcome parameters in this feasibility study, 30 patients were included in the analysis with 10 randomly assigned to each intervention group. The age distribution in the groups was inhomogen. There was an imbalance in the three groups for the distribution of Table 2 . All 30 patients met the criteria of the study protocol. All existing examinations, assessments, and questionnaires were completed. No data were missing.
Primary outcome parameters
Concerning pain intensity (VAS) the inpatient Kneipp treatment (group 1) was the best strategy for pain relief (baseline 5.3±2.7 to final examination 2.9±2.6), followed by group 3 and group 2. Further details are to be found in Tables 3 to 5 .
Secondary outcome parameters 3.3.1 Rating the joint specific mobility
The joint flexion, measured by the neutral-zero method was taken into account in the analysis. The affected hip joint achieved the greatest increase of flexion in group 1 (improvement: absolute +27.5°/relative +28.9%) followed by group 3 and group 2. Regarding the affected knee X (pq) X pd: physician documentation; pq: patient questionnaire; "X" means assessments to be carried out at admission/discharge/telephone interview. joint group 3 showed the greatest success (improvement: absolute + 9.28°/relative +8.9%), followed by group 2 and group 1. For both joints in all three groups the flexion improved. Each group showed different success of the respective treatment, the treatments in general had more effect on the hip joint than on the knee joint.
Rating the joint-specific pain and function on the basis of the Lequesne index
During the study phase of two weeks the Lequesne index exacerbated. During the total study duration an improvement was observed for both joints in all groups. The highest success was measured for the knee joint in group 2 (-2.4/-20.0%) and for the hip joint in group 1 (-2.3/-57.5%).
Rating the general health-related quality of life on the basis of the SF-36
Both physical and mental scales of sums received the greatest improvement in group 3 over the total study duration. The quality-of-life parameters emphasized the best and most sustainable outcome for physical and mental performance in group 3, followed by groups 2 and 1.
Rating the indirect flexion and extension ability of the hip or knee joint and the general patient mobility using the TUG test
The mean for the TUG test at baseline was (13.2±6.4) s for all groups. The patients of group 1 showed the highest improvement concerning joint mobility at baseline (14.9±9.3) s to final examination (11.2±3.9) s, followed by group 3 and group 2. The presentation of all values including standard deviation and also the absolute and relative changes during the study duration is reproduced in Tables 3 and 4 (mean changes of values) and Table 5 (absolute and relative changes in %).
Discussion
The demographic alteration of the population, particularly in the industrialised world involves an increasing prevalence of OA of the hip and knee joint with corresponding socioeconomic consequences [1, 38] . Among the reasons
Journal of Integrative Medicine www.jcimjournal.com/jim for encountering a general practitioner in Germany the diagnoses of OA of the hip and knee joint are to be found on places 14 and 34 in the list of consultations; regarding the frequency they could be found on the third and ninth places for orthopaedic consultations respectively [39] . Pharmacological and non-pharmacological approaches (like European and American guidelines) aim at pain control and reduction of functional restriction. The development of more efficient, cost-effective and sustainable, therapeutically strategies is thus gaining significance [5, 6] . CAM is increasingly offering concomitant therapeutic options for OA. It has been ascertained that hydrotherapy for OA of the hip or knee joint using serial cold or warm water stimulation not only improves the range of mobility of the affected joint but also provides significant pain relief and increases the quality of life over a period of up to three months [23, 24] . Regarding the hydrotherapeutic applications according to Kneipp in the concomitant treatment of OA of hip or knee no current study results are existing.
Because this pilot study served as a feasibility study for the verification of study design and randomisation procedure the statistical analysis is only descriptive. These data support our hypothesis that hydrotherapy treatment according to Kneipp achieves comparable effects regarding parameters like joint-specific pain and mobility as does conventional physiotherapy. In addition the clearest findings for an improvement of the quality of life (SF-36) were found in group 3 combining hydrotherapy and physiotherapy. During the duration of study no adverse findings or side effects were observed.
Limitations of this explorative feasibility study were that at baseline significantly diverging values were observed for the 30 recruited volunteers (imbalance). The recruitment procedure, individual steps in the study protocol and documentation were checked. No abnormalities could be found in all checked procedures. Probably the diverging values found at baseline (inhomogeneity) were outcomes of the distribution matter (imbalance) in this small sample size. This is a well-known high risk for this kind of sample size. Nevertheless we will continue implementing the developed procedures for study design and randomisation. Because of group inhomogeneity concerning baseline data we decided to determine the changes of outcomes in absolute values and relative percent for a better opportunity of interpretation.
In comparison to the study protocol [28] we had to change and reduce the assessment schedules of secondary outcome parameters because of an increasing amount of invalid data as a consequence of patient compliance. Further assessment scores like the Arthritis Impact Measurement (quality of life rating for patients with osteoarthritis, AIMS2-SF) and the EQ-5D (standardised survey of state of health of the EuroQol Group) together with the actual secondary outcome measurements like the TUG, the Lequesne index and the SF-36 directly led to a mental overload of the patient causing systematic data errors in the patients questionnaire and therefore were excluded in the pretest phase of this pilot trial.
A further limitation is the documentation of parameters Data are presented as absolute changes in points and relative changes in %.
Journal of Integrative Medicine affecting indirectly the OA. For example, physical activity or changes in life style decrease the weight of obese patients. The full effect in and of two weeks can not be estimated precisely. But in the main study we will examine the effects in the study and follow-up phase. Furthermore we will document other factors of influence (medications, food supplements, etc.) during the ten-week follow-up phase. In this stage of the described study we focussed on the implementation of technical procedures.
Conclusion
However, the results of our explorative feasibility study have shown that the study procedures, the therapeutic interventions and the randomization procedure were all practicable and feasible under clinical circumstances. In addition we observed positive long-term effects of the hydrotherapy regarding pain and quality of life. Further research is needed for robust conclusion.
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